The authors conducted a population-based case-control study of 1,030 cases with histologically confirmed, incident non-Hodgkin's lymphoma (NHL) and 3,106 controls to assess the impact of recreational physical activity, obesity, and energy intake on NHL risk in Canada from 1994 to 1997. Compared with those for subjects in the lowest quartiles of total recreational physical activity, multivariable-adjusted odds ratios for subjects in the highest quartile were 0.79 (95% confidence interval (CI): 0.59, 1.05) for men and 0.59 (95% CI: 0.42, 0.81) for women. Obesity (body mass index 30 kg/m 2 ) was associated with odds ratios of 1.59 (95% CI: 1.18, 2.12) for men and 1.36 (95% CI: 1.00, 1.84) for women. For men and women with a lifetime maximum body mass index of 30 kg/m 2 , respective odds ratios were 1.55 (95% CI: 1.16, 2.06) and 1.10 (95% CI: 0.83, 1.46). For men and women in the highest quartiles of calorie intake, respective odds ratios were 1.95 (95% CI: 1.45, 2.62) and 1.13 (95% CI: 0.84, 1.52). Some differences were found between histologic subtypes of NHL for these associations. This study suggests that recreational physical activity decreases NHL risk, while obesity and excess calorie intake increase it. More studies are needed to confirm these results, especially the differences between histologic subtypes.
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The incidence and mortality of non-Hodgkin's lymphoma (NHL) have steadily increased in Canada (1) and in the United States since the 1970s but have stabilized in recent years in the United States (2) . Over the last 30 years, the number of new cases of NHL has more than tripled among both men and women while the rates have doubled; and the number of annual deaths from NHL also has almost tripled, although the mortality rate has increased more modestly (1) . This trend of increase appears worldwide (3) , and the incidence rates in Canada and the United States are among the highest in the world (2) . However, the reason for the increase is largely unknown.
The etiology of NHL is poorly understood. Suspected risk factors include immunodeficiency; infections of human T-cell lymphotrophic virus (types I and II), Epstein-Barr virus, and Helicobacter pylori; family history; and agricultural and pesticide exposure (3) . Immunodeficiency is the strongest risk factor known to increase NHL risk (4) , supported by evidence of substantially increased risk of NHL for patients treated with immunosuppressive drugs (5), people infected with human immunodeficiency virus (6) , and young people with ataxia-telangiectasia or the Wiskott-Aldrich syndrome as well as children with X-linked lymphoproliferative syndrome or combined immunodeficiency (7) .
Physical activity has been associated with reduced risks of some types of cancer (8) (9) (10) , and improving immune function has been hypothesized to be one of the underlying mechanisms (10, 11) ; thus, it may decrease the risk of NHL.
Obesity has been associated with significant metabolic abnormalities, including insulin resistance, glucose intolerance, and diabetes mellitus (12) as well as impaired immune function (13) . Excess energy intake is also related to obesity. However, limited data are available, and the findings from previous epidemiologic research on the association of physical activity and obesity with NHL risk have been conflicting (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . Since there are very few known risk factors for NHL, and physical activity and obesity are modifiable lifestyle factors, if proven to be related to the risk of NHL, adoption of a healthy lifestyle would be a meaningful strategy for combating this tumor. Therefore, we conducted this study to examine the impact of recreational physical activity, obesity, and energy intake on the risk of NHL, using data from a large, population-based case-control study in Canada.
MATERIALS AND METHODS

Study population
This study was part of the National Enhanced Cancer Surveillance System, a multicomponent, collaborative project of Health Canada and the provincial cancer registries. The case-control component included individual data from 21,020 Canadians with one of 19 types of cancers and 5,039 population controls aged 20-76 years; these data were collected between 1994 and 1997 in eight of the 10 Canadian provinces (Alberta, British Columbia, Manitoba, Newfoundland, Nova Scotia, Ontario, Prince Edward Island, and Saskatchewan). The respective ethics review boards of each province reviewed and approved the study proposal. The current analysis was based on 1,030 incident cases of NHL and 3,106 controls from all eight provinces except Ontario.
The population-based provincial cancer registries identified NHL cases through a review of pathology reports. All cases were patients with histologically confirmed incident NHL, newly diagnosed between 1994 and 1997 in the seven participating provinces. The cancer registries tried to identify cases as soon as possible after diagnosis to reduce the loss of subjects caused by severe illness and death. The registries identified 1,678 NHL cases. Physicians refused consent to contact 109 cases (6.5 percent), and 147 cases (8.8 percent) died before they could be sent questionnaires. Questionnaires were mailed to 1,422 cases; 1,030 cases completed and returned the questionnaires, representing 72.4 percent of cases who were sent questionnaires and 61.4 percent of ascertained cases.
The morphologic data were derived from pathology reports and were coded by using the International Classification of Diseases for Oncology, Second Edition. The histologic subtypes of NHL were grouped on the basis of this coding by using the method developed by Groves et al. (24) . However, because of the small number of cases for the categories of high-grade and peripheral T cell, the histologic subtypes were grouped into the following four broader categories: diffuse, follicular, small lymphocytic, and others.
In the National Enhanced Cancer Surveillance System, frequency matching to the overall case group (19 types of cancers) was used to select population controls with a similar age and sex distribution so there would be at least one control for every case within each sex and 5-year age group for any specific cancer site in each province. The sampling strategy for control selection varied by province, depending on data availability, data quality (completeness and timeliness), and the confidentiality restrictions of provincial databases.
Prince Edward Island, Nova Scotia, Manitoba, Saskatchewan, and British Columbia used provincial health insurance plans to obtain a random sample of the provincial population stratified by age group and sex. More than 95 percent of Canadians are covered by these public plans, and individuals are excluded only if they are covered through other federal plans. Newfoundland and Alberta used similar random digit dialing protocols to obtain population samples. In Alberta, the University of Alberta's Population Research Laboratory generated a random sample of provincial telephone numbers, including unlisted numbers. Of the numbers called, 4 percent were not in service or were assigned to businesses, 3.6 percent involved a communication barrier, and, for 11.5 percent, there was no answer after attempting to call eight times. Of those households contacted, 91.3 percent agreed to a census of residents, and 90.1 percent of the eligible individuals agreed to have a questionnaire sent. Ninety-nine percent of Albertan households have telephones, and the Population Research Laboratory estimates that 92-97 percent of people in the province are reachable. Newfoundland Telephone Company provided the local cancer registry with a random sample of Newfoundland phone numbers, including unlisted numbers. Exact contact and eligibility rates are unavailable; however, study personnel estimated that 85 percent of the phone numbers were reached. Cooperation levels were similar to those in Alberta. Of the controls who were sent questionnaires, 83 percent and 75 percent completed and returned them in Alberta and Newfoundland, respectively.
The provincial cancer registries recruited 5,107 subjects without cancer in the seven participating provinces studied and mailed these subjects the same questionnaires as those sent to cases. Questionnaires were returned for 81 controls (1.6 percent) because of a wrong or old address, and no updated address could be found. A total of 3,106 controls completed and returned questionnaires, representing 60.8 percent of the ascertained controls.
Data collection
The provincial registries collected data by self-administered questionnaires, with telephone follow-up when necessary for clarification and completeness. The registries used the same protocol to collect data for both cases and controls.
The questionnaires were designed to obtain detailed data on risk factors for cancers. Information was collected on education, average family income over the last 5 years, marital status, ethnic group, height, weight, physical activity, alcohol consumption, diet (69-item food frequency questions), and vitamin and mineral supplement use 2 years before interview. Questionnaires also gathered information about smoking history, menstrual and reproductive history, employment history, residential history, and history of occupational exposure to some specific chemicals.
Assessment of physical activity
The questionnaire elicited information on recreational physical activity 2 years before interview. Respondents were asked in which seasons, how often, and how long per session, on average, they participated in each of the 12 most common types of leisure-time physical activity in Canada. Individual activities included walking for exercise, jogging or running, gardening or yard work, home exercise or exercise class, golf, racquet sports, bowling or curling, swimming or water exercise, skiing or skating, bicycling, social dancing, and other strenuous exercise. Respondents indicated their usual frequency of participating in each of these activities by choosing one of the following categories: never, less than once per month, 1-3 times per month, 1-2 times per week, 3-6 times per week, or every day. Time per session was recorded as less than 15 minutes, 15-30 minutes, 31-60 minutes, and more than 60 minutes. We estimated the intensity of each activity by assigning a specific metabolic equivalent task (MET) value to each reported activity. The MET values used here were abstracted from the Compendium of Physical Activities (25, 26) . A MET is defined as the ratio of the associated metabolic rate for a specific activity compared with the resting metabolic rate (27) . One MET is the average seated resting energy cost for an adult and is set at 3.5 ml/kg of body weight per minute of oxygen.
A weekly number of MET-hours was derived for each activity by combining the frequency, duration, and MET value (intensity) of each activity. We categorized levels of recreational activity as moderate (MET 3-6), vigorous (MET >6), and total (moderate plus vigorous) (28) . The variable used in the analysis was the sum of each category of moderate, vigorous, and total physical activity.
Assessment of obesity and energy intake
Participants in the study reported their adult height and weight 2 years before interview as well as their lifetime maximum weight (except during pregnancy). As a measure of overweight and obesity, body mass index (BMI) was calculated as the reference weight in kilograms divided by height in meters squared. On the basis of World Health Organization standards, obesity was defined as a BMI of 30 kg/m 2 or more, and overweight was defined as a BMI of between 25 and less than 30 kg/m 2 for both sexes (29) . The questionnaire asked subjects the usual frequency and portion size for each of the 69 food items consumed 2 years before interview. We calculated weekly intake of calories for each item by multiplying the quantity of each item per week by the associated calorie value, which is determined from food composition data by using the Canadian Nutrient Guide (30) . We summed the weekly calorie intake for all 69 items to obtain total calorie intake.
Statistical analysis
We estimated the risk of NHL associated with recreational physical activity and obesity based on odds ratios and corresponding 95 percent confidence intervals, using unconditional logistic regression with the software package SAS (version 8; SAS Institute, Inc., Cary, North Carolina). Variables were categorized into quartiles based on the distribution of the variables in the control population.
Because cases and controls were not directly matched, the methods for identifying cases and controls varied by province; and, because age is associated with NHL risk, all logistic regression analyses were controlled for province of residence and age to remove the impact of any uneven distribution of these factors between cases and controls. We used the change-in-point-estimate approach to assess the potential confounding effect of a wide range of factors, including age, educational level, family income adequacy, marital status, alcohol consumption, smoking, BMI, total calorie intake, menopausal status, and number of livebirths. We retained variables in the final models that are considered biologically important if their inclusion changed the odds ratio estimate appreciably, regardless of the statistical significance. We adjusted the final multivariate models for age (years, continuous), province of residence, education (years completed: <10, 10-12, >12), alcohol consumption (servings per week, continuous), pack-years of smoking (continuous), total calorie intake (kilocalories per week, continuous), self-reported exposure to some chemicals, and ever employment in some occupations. We conducted tests for trends for all models of categorized data by treating the different categories as a single ordinal variable.
The literature suggests that risk factors for NHL may differ by histologic subtype; therefore, we performed stratified analysis by histologic subtype of NHL. Because BMI is related to levels of insulin and insulin-like growth factors, which may also be affected by physical activity (10-12), we assessed possible effect modification by BMI.
RESULTS
Data from 1,030 NHL cases and 3,106 controls were available for analysis. Diffuse NHL was the most common histologic subtype among cases (n ¼ 419, 40.7 percent of all cases), followed by follicular (n ¼ 242, 23.5 percent) and small lymphocytic (n ¼ 100, 9.7 percent). All other types accounted for 26.1 percent (n ¼ 269) of all cases of NHL. Table 1 shows the distribution of some selected characteristics of NHL cases and controls. For both sexes combined, compared with controls, cases tended to have higher total calorie intake and were more likely to be obese and to be exposed to several chemicals (pesticides, herbicides, vinyl chloride, benzidine, benzene, mineral or cutting oil, and dyestuffs). There were no clear differences between cases and controls regarding other variables. For men and women separately, the distribution of these variables among cases and controls was similar to that for both sexes combined, except that female cases drank less alcohol than did female controls. Table 2 presents the NHL risks associated with different levels of recreational physical activity (moderate, vigorous, and total), BMI, and calorie intake, by sex. Compared with those for subjects in the lowest quartiles of total activity, multivariable-adjusted odds ratios for those in the highest y Self-reported exposure to pesticides, herbicides, vinyl chloride, benzidine, benzene, mineral or cutting oil, and dyestuffs. z Ever employed in farming, horticultural, and animal husbandry occupations; forestry and logging occupations; chemicals, petroleum, rubber, and plastic processing occupations; metal machining, shaping, and forming occupations; fabricating, assembling, and repairing occupations for metal, rubber, and plastic products; mechanics and repairers. We also examined the risks of NHL associated with recreational physical activity (moderate, vigorous, and total), BMI, and calorie intake by NHL histologic subtype (table 3) . We observed various degrees of reduction in NHL risk related to total activity for all four subtypes, with a larger effect for follicular, small lymphocytic, and others than for the diffuse type. The obesity-related increase in NHL risk was more profound for diffuse and others types than for follicular and small lymphocytic type. The risk increase associated with excess calorie intake was observed for follicular, small lymphocytic, and others types, with no apparent effect for diffuse type.
We then assessed the effect of total recreational physical activity on NHL risk stratified by BMI, by sex (table 4) . A decreased NHL risk associated with total activity was restricted to women whose BMI was 18.5-<25 and 25-<30 kg/m 2 and to men whose BMI was 18.5-<25 and BMI 30 kg/m 2 .
DISCUSSION
Our results indicated that higher levels of recreational physical activity were associated with a reduced risk of NHL for both sexes, with a larger effect for women. This activity-related decrease in risk was attributed to both moderate and vigorous activity. We observed greater reductions in NHL risk associated with recreational physical activity for follicular, small lymphocytic, and others subtypes of NHL tumors. This study also suggested that obese men and women had a significantly increased risk of NHL, and the magnitude of the obesity-related risk increase was greater for diffuse and others subtypes. We also found that excess energy intake increased the risk of NHL for men, and this increase was observed for all four subtypes except diffuse.
Only a few studies have been published on the association between physical activity and NHL risk. To our knowledge, our study is the second that has assessed the relation of physical activity with NHL risk by histologic subtype. The prospective study of Iowa women (14) found no ageadjusted association between level of recreational physical activity and NHL risk, overall and by subtype, but a suggestive (nonsignificant) inverse association for follicular subtypes. However, the Iowa study did not assess duration of physical activity. In another cohort study on college alumni (15) , those who played sports at least 5 hours per week at their colleges had a (nonsignificant) relative risk of 0.67 of developing NHL compared with those who played less or not at all. Two other studies (16, 17) found no evidence of an association between occupational physical activity and NHL risk; however, as the authors of one of the studies pointed out, the occupation-based measures of physical activity might have introduced nondifferential misclassification, which tends to bias the risk estimates toward unity. The discrepancy between our study and others could be due to the different parameters (e.g., duration, frequency, intensity, and type) of physical activity assessed by different studies, different profiles of the populations, different strategies of adjustment for confounders, or different proportions of histologic subtypes.
Research on the relation of obesity to NHL risk is also scarce, and the results are conflicting. The increased risk of NHL associated with obesity observed in our study is consistent with findings from four other studies (18) (19) (20) (21) . A population-based case-control study with 725 cases and 1,566 controls showed elevated risks associated with obesity for NHL and the two major subtypes, diffuse large cell and follicular lymphoma (18) . In a Swedish hospital-based cohort study of 29,129 persons, women (but not men) with a hospital diagnosis of obesity had an excess risk of NHL when compared with the incidence in the general population (19) . An elevated risk of NHL associated with a higher ponderal index was also reported in an early cohort study (20) . Furthermore, in the largest cohort study (404,576 men and 495,477 women), BMI was significantly associated with higher rates of death due to NHL among both men and women (21) . However, three studies found no association between obesity and NHL risk. The cohort study of Iowa women reported no relation, either overall or by subtype (14) , and neither did an Italian case-control study (22) nor a Danish record-linkage study (23) .
The underlying mechanisms operative in the association between physical activity and NHL have not been established. One of the plausible mechanisms hypothesized is the exercise-induced increase in antitumor immune defenses (10, 11) . Moderate habitual physical activity may enhance immune function by increasing the number and activity of macrophages, natural killer cells, lymphokine-activated killer cells, and regulating cytokines (31) (32) (33) . Experimental studies have demonstrated greater activity of natural killer cells and of lymphokine-activated killer cells in trained or physically active mice, resulting in greater clearance of tumor cells and incidence of tumors (34) (35) (36) . Studies in humans have suggested that moderate exercise training has been associated with increases in natural killer cell activity or cell count (37) (38) (39) (40) , alterations in lymphocyte subpopulations (41, 42) , changes in interleukin-2 production and interleukin-2 receptor expression (38, 39) , and elevation in immunoglobulin levels (43) . Because immunodeficiency is a strong risk factor for NHL, physical-activity-related improvement in immune function may play a role in the protective effect of physical activity against developing NHL. Immunotherapy with high-dose interleukin-2 has been shown to successfully treat tumors in animal models (44) and cause dramatic tumor regressions in some patients with metastatic melanoma, renal cell carcinoma, and NHL (45) (46) (47) . Other hypothesized mechanisms include improving antioxidant defense systems, increasing insulin sensitivity, and decreasing levels of insulin and insulin-like growth factors (10, 11) . Physical activity may also decrease NHL risk through its influence on obesity. The greater risk reduction associated with physical activity among obese men (but not women) observed in our study supports a possible role of physical activity in affecting NHL risk for men through its influence on obesity, and it also suggests that different mechanisms might be involved for men and women regarding the association of recreational physical activity with NHL risk.
The mechanism for the link between NHL risk and obesity is not clear. One proposed hypothesis is the decreased immune response associated with obesity. Studies of immunologic function in obese humans and experimental animals indicate that the excess adiposity is associated with impairments in host defense mechanisms (13, (48) (49) (50) (51) . Different animal models of obesity have shown a decrease in all T-lymphocyte subsets and the B-cell population as well as lower lymphocyte responsiveness to different mitogens in obese animals compared with lean ones (52) (53) (54) (55) . Investigations in humans also suggested a reduced number of subsets of T cells and their functions in obese humans (56) or a lower capacity of lymphocytes to proliferate in response to mitogen activation (57) . Research showed that energy restriction or adequate weight reduction could restore the impaired immune response in overweight rats (58) or obese humans (56) .
One recent population-based case-control study suggested that the involvement of leptin and its receptor in the regulation of immune function might be one of the mechanisms underlying the association between obesity and NHL (18) . Leptin is a hormone primarily derived from adipocytes that plays an important role in the regulation of food intake, energy expenditure, and the control of body weight (59). Leptin's weight-regulating effects are mediated through the binding and activation of its receptor (60) . The casecontrol study by Skibola et al. (18) found that genetic polymorphisms in the leptin and its receptor genes associated with an obese phenotype were associated with increased risks of NHL, and the authors suggested that genetic interactions between leptin and its receptor might promote the immune dysfunction associated with the pathogenesis of lymphoma.
Another possible mechanism explaining the relation of obesity with NHL risk is the hypothesis that obesity can cause changes in the metabolism of endogenous hormones, including sex steroids, insulin, and insulin-like growth factors, which could distort the normal balance between cell proliferation, differentiation, and apoptosis (61) .
The stratified analyses by NHL subtype were exploratory, and we cannot explain the difference in association with physical activity, obesity, and energy intake between subtypes. It could be due to subtype misclassification since subtyping was based on cancer registry pathology report rather than review by a panel of pathologists.
Our study used the Working Formulation classification system with a modification for NHL subtyping. In our study, the provincial cancer registry coded NHL by using International Classification of Diseases for Oncology, Second Edition, morphologic classification. We did not use the revised European-American Lymphoma classification because it was proposed in 1994, and cases of NHL in this study were not coded according to this system. We grouped the subtypes into four broader categories because of small numbers of some subtypes. Some potential limitations of this study deserve consideration. Recall bias is possible among cases regarding their responses to questions on physical activity a few months after their cancer diagnoses. The possibility that such a bias was introduced into this study was reduced by including many questions on other exposures, such as diet, employment history, and residential history, and by not placing any particular emphasis on physical activity in the questionnaire. In our study, the loss of eligible cases because of death, physician's refusal, and nonresponse was probably due to severe illness and could affect the generalization of our results, that is, our results might be generalizable to only less aggressive tumors or healthier subjects.
Histologic subtypes of NHL were diagnosed by pathologists in the respective provinces rather than by a single expert pathologist; therefore, errors regarding histologic subtypes were possible. Several studies assessed the reliability of the Working Formulation classification and found that, although there was a good agreement between reported diagnoses and expert diagnoses (90-98 percent) (62) (63) (64) (65) , only 59 percent and 55 percent agreement with subtypes were observed between reported diagnoses from the cancer registry and from expert pathologists, respectively (64, 65) , with a better agreement when grouped into broader categories (e.g., agreement improved to 73 percent for diffuse, 83 percent for follicular, and 74 percent for high-grade type) (65) . Another limitation is that we could not assess the effect of total physical activity because we did not collect information on occupational physical activity; however, recreational physical activity might be more relevant in Western societies. Self-reported weight could introduce misclassification in exposure of BMI, but the tendency of underreporting of weight by obese people would be nondifferential and tends to attenuate the estimates.
In conclusion, our population-based study showed a reduced NHL risk for men and women engaged in higher levels of recreational physical activity. This activity-related risk decrease was attributed to both moderate and vigorous activity. This study also suggested that obesity and excess energy intake were associated with a significantly increased risk of NHL. Further investigations are warranted to confirm our results, especially the differences between histologic subtypes. Because physical inactivity, obesity, and energy intake are modifiable lifestyle factors, the findings from our study (if confirmed by other studies) may provide a strategy to prevent NHL.
